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Intro/Background
For the Senior Design Project, students had the privilege to team up with Schaeffler in
Wooster and work on a project that could possibly benefit the company should they go with the
proposed designs. For some context, Schaeffler manufactures torque converters (TC) for
automobiles. They do most of their manufacturing in-house and have a lot of production lines in
the Wooster plant. To move their components to different lines, they utilize production carts to
help transport TC parts or TC assemblies. An issue with the current carts is that they are not
ergonomically sound for the operators. The operators have to bend down to pick up the parts, and
this can lead into back injuries. As a result, Schaeffler has reached out to UA students to find
some realistic solutions for the problem at hand. To make the cart more ergonomically sound for
the operators, a Leveling-Position Platform Cart was designed that will keep the operator from
having to bend down to pick up or place the parts.
Body
Upon receiving the project from Schaeffler, a list of constraints was given that needed to
be accounted for in the final cart design:
•

The cart must be able to hold 36 10R140 cover assemblies (4 per layer).

•

The pushcart must have a capacity and safety factor good enough to support a 1,160-lb
load.

•

The pushcart must be stable enough to not be tipped over when there are parts being
loaded at the top.

•

The cart platform must be 34 – 38 inches off the ground.
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After getting these constraints, measurements were taken of the current production carts; the
chassis of the new cart design was based heavily off of the current carts’ chassis. Figures 1
and 2 convey the sketches of the current cart dimensions.

Figure 1 – Cart Dimensions 1
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Figure 2 – Cart Dimensions 2
After completing the sketches, the design approach was conceptualized. Compression springs
and tension (hook) springs were the concepts being considered. European Springs states,
“Tension springs are mainly used to hold two components together whereas compression springs
are used to keep components from meeting. Both springs have a coil spring design for strength
and elasticity however they are used in entirely different ways” (European Springs, para. 10).
Ultimately, it was decided to use compression springs because the objective was to keep the
Leveling Platform from reaching the bottom of the cart. Another reason compression springs
were decided was because they are more common and would be cheaper to mass produce for a
custom spring order. KB Delta states, “Compression springs are not wound as tightly and are
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often made from a larger gauge wire. Its design is meant to resist compressive forces, and when
it is in an extended position, it is actually at rest. This type of spring is the most common kind,
and it is used in many different machinery and products” (KB Delta, para. 2).
After conceptualizing the design, the cart body was modeled in SolidWorks and the Leveling
Platform that the springs would support as well as the Base Platform. After these visual models
were drafted, spring calculations were performed to find out what parameters the springs would
need to have to be able to support the load. A site called acxesspring.com and their Acxess
Spring Calculator were used. The site had the user input a lot of parameter variables and would
produce important information such as the Spring Rate, Max Safe Travel, and Max Load while
taking into account the Solid Height of the spring (Note: More info on these calculations can be
found in the Calculations section). Also, the spring material was decided to be made from
Beryllium Copper because it can compress more and has age-hardening properties which will
sustain it over time. Harold Carlson writes, “Beryllium is added to copper, usually in amounts up
to 2 percent, as an alloying constituent to produce a precipitation or age-hardening composition
especially useful for springs” (Carlson 87). After a material was selected, the ends of the springs
were chosen to be Closed & Ground because they are good for resisting buckling. Associated
Spring states, “To improve squareness and reduce buckling during operation, a bearing surface
of at least 270° is required. Squared and ground springs are normally supplied with a bearing
surface of 270° to 330°” (Associated Spring 54). Once the parameters for the spring were figured
out, it was modeled in SolidWorks. The springs were then placed into the assembly model and
some revisions were made to some of the pre-existing models to be more compatible with the
spring design. Guide rods were also used to keep the springs more stable and to prevent
buckling. The Upper and Lower Rod Guides will be welded onto the platforms, and the Wood
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Rod Guide will be attached to the Upper Rod Guide (probably screwed). Wood was chosen
because it is cheap and saves on weight; the springs are what are absorbing the load.
Once the model was complete, the assembly drawing and the detailed part drawings were
drafted on SolidWorks. These design prints were then used to give to Schaeffler as well as the
proof-of-concept calculations. Due to time constraints and limited resources, a prototype model
was not able to be built.
Summary
Looking at the current cart design, it appears to be very sound with some room for
improvement. The springs will not fail due to shear stress, and they will not elastically deform
because the springs’ travels will not exceed the Maximum Travel Considering Solid Height
value. The cart has the ability to hold 36 of the 10R140 cover assemblies. Since the platform
won’t compress all the way to the bottom, the top of the cart back was extended, so the covers
wouldn’t fall back on the operator because of the extra displacement upwards. The cart is also
designed to support a load 1.5 times the normal load to ensure a good factor of safety, and the
springs were placed evenly throughout the cart to ensure equal load distribution and to prevent
the cart from tipping over. The cart platform also sits over 37 inches off the ground. In order to
prevent buckling, 15 guide rods were placed to keep the cart springs straight.
While the overall design is very sound, there are some general recommendations on how
to improve the design. For instance, the cart tends to be more on the heavier side, and there are
probably some ways to shave off some additional weight to make it lighter. In addition, another
potential improvement would be to find a spring design that allows for more compression travel.
The current springs are only able to achieve 14 inches of compression with the normal load.
Because of this, material was added to the top of the cart to prevent the parts from falling back
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on the operator. If the springs can compress more, then there will be less material at the top of
the cart back needed and less overall weight.
Calculations
To begin the calculations, a spring calculator website called acxesspring.com was used to
play around with the spring parameters and get an idea of what kind of spring design would be
feasible. As Figure 3 conveys, the wire diameter (dw) was chosen to be 0.1875 in, the outer
diameter (OD) of the spring was chosen to be 2.40625 in, the free length (Lf) was chosen to be
26 in, and the number of active coils (Na) was chosen to be 23; the spring ends are also Closed
and Ground to allow a flat surface to be coincident with the flat surfaces of the platforms. From
these parameters, the Spring Rate, the Maximum Travel Considering Solid Height value, and the
Shear Modulus (G) for the Beryllium Copper were given.

Figure 3 – Spring Parameters (Acxess Spring)
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Figure 4 – Acxess Spring Calculations (Acxess Spring)
After using the online calculator, some hand calculations were made. The first calculation
was computed by taking the force load and dividing it by the spring rate to find the distance
travelled of the spring (D = F/K) in Figure 5 (Mott, et al. 662). (Note: Anything with a 1.5 in
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parentheses indicates that the factor of safety load has been applied.) Also, a 19 was multiplied
with the spring rate values because there is a total of 19 springs supporting the load.

Figure 5 – Distance Traveled Calculations
In Figure 6, the deflections for a spring with the normal load and one with a load 1.5 times
the normal were calculated. To calculate deflection, the product of 8 times the force load times
the mean diameter cubed times the number of active coils was divided by the product of the
shear modulus times the wire diameter to the fourth power (f0 = (8FDm3Na)/(GDw4)) was used
(Olberg, et al. 318). (Note: The force loads were divided by 19 because there are 19 springs, and
they are theoretically taking equal portions of the force load.)

Figure 6 – Deflection Calculations
After calculating for deflection, the free length/mean diameter ratio and the critical ratios
were solved for. To calculate the free length/mean diameter ratio, the free length was taken and
divided by the mean diameter (Lf/Dm). To calculate the critical ratios, the deflections were taken
and divided by the free lengths (f0/Lf) (Mott, et al. 667). After analyzing this data on the graph in
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Figure 7, it seems apparent that the springs would buckle due to their long free lengths. Ivana
Suchy writes, “Long springs may buckle unless they are supported by a pin coming through
their center. Buckling may occur where the length of a spring unsupported by any pin exceeds
the value of four times its diameter” (Suchy 14). To solve this design issue, 15 guide rods were
attached onto the Leveling Platform and the Base Platform to keep the springs straight.

Figure 7 – Spring Buckling Calculations

Figure 8 - Spring Buckling Criteria
After calculating the buckling ratios, the Spring Index and the Wahl Factor of the springs
in Figure 8 were then calculated. To solve for the Spring Index, the mean diameter was divided
by the wire diameter (C = Dm/Dw) (Mott, et al. 662). After calculating this value, it is assured that
this was a realistic Spring Index to achieve. Newcomb Spring Corp. says, “This is a very
important relationship to consider for manufacturing ease and cost control. As a general rule, the
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index should be above 3 and less than 20. Springs designed outside these limits increase cost and
require more tolerance” (Newcomb Spring Corp., para. 1). The Spring Index was well between 3
and 20, so it is manufacturable. Next, the Wahl Factor was solved for by using this equation (K =
[(4C-1)/(4C-4)] + (0.615/C)) (eFunda, Inc., para. 3).

Figure 9 – Spring Index and Wahl Factor Calculations
Lastly, the shear stresses for the normal force load and the factor of safety load were
calculated. To find the shear stress in a spring, the product of 8 times the Wahl Factor times the
force load times the Spring Index divided by the product of pi times the wire diameter squared
was used (τ = (8KFC/πDw2)) (Mott, et al. 666). Both shear stresses were under the maximum
allowable shear stress value (τmax) of 88,648 psi that was calculated back in Figure 4.

Figure 10 – Shear Stress Calculations
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Assembly Drawing & Detailed Part Drawings
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Leveling Position Platform Project Timeline
For my project, I will be designing a Leveling Position Platform for the production carts
at Schaeffler. On January 31st, I will be meeting with Kyle Hinton (my Schaeffler contact) to
discuss the production cart project and get some more information on the project as whole. For
the first two weeks of February, I plan to take some measurements on the production carts, so I
can make a model of them in SolidWorks. For the last two weeks of February, I plan to finalize
the concept for my design project, so I can begin drawing concept pictures for it. For the first
half of March, I plan to have my SolidWorks model of the platform done, and I plan to have my
model drawings and concept drawings finished as well. For the second half of March (which
includes Spring Break), I plan to get a rough draft made for my project, and I will send the draft
to my Honors project readers for review. For the first half of April, I plan to make corrections to
my rough draft, get the new rough draft reviewed, and finish a final copy. Somewhere between
April 16th to April 28th, I will give my Oral Presentation in class over my design project. On
April 23rd, I will be giving a public project presentation, so I plan to have a display board made,
so I can explain my project to anyone who stops by. Finally, on April 30th, I will have my written
project report finished and turned in. Some things I left off of the timeline for sake of space were
the Progress Reports. I will turn in the second one near the end of February, and I will turn the
final one near the end of March/beginning of April.
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Progress Report 1
For my project, I was approved to go ahead and work on a Leveling-Position Platform for
the production carts at Schaeffler. Schaeffler is located in Wooster, and my company contact for
this project is Kyle Hinton. I will check in with him periodically to see what the company would
like to do/accomplish in terms of designs. I have already made contact with him, but he has not
responded back yet. Thankfully, I am a co-op at Schaeffler this semester, so I will be able to gain
regular access into the building. In terms of progress, I haven’t gotten much more accomplished
since MET Senior Seminar. I have researched a few design ideas, but I haven’t decided about
one that I would like to further develop. I am going to be meeting with people at Schaeffler about
the cart project with other students who are doing the same cart project.
By the time of my next progress report, I will have my project timeline completed and
will hopefully have decided on a design concept to pursue. Once I finish my concept sketches, I
plan on using SolidWorks 2019 to do my modeling. I’m going to need to take dimensions of the
production carts at Schaeffler, so I can base the leveling platform off of the carts. I hope to have
the cart modeled by the next progress report. In addition, I would like to have a design idea
selected for how I want to go about designing the platform. I plan on using this upcoming stretch
of time to get the basis of my project completed, so I have a clear direction for the rest of the
project. I will go into more detail about my timeline when I submit my project timeline
document.
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27 February 2020
Progress Report 2
For my Leveling-Position Platform project with Schaeffler, I have made a fair amount of
progress on the overall design project. My first accomplishment is that I have met with my
contact at Schaeffler and discussed what the project would be about and what the project
constraints would consist of. This was able to give me a clear vision of how to pursue my design.
My second accomplishment is that I have obtained most of the necessary dimensions for the cart.
I plan to keep the cart chassis the same as the current production carts, so I took measurements
and recorded the dimensions that I needed. My third accomplishment is that I have modeled 60%
of the cart on SolidWorks. I am a little behind on the modeling, but that’s because I am still
calculating how many springs I’m still going to need and what the spring rate . My fourth
accomplishment is that I have researched and decided on a design concept to pursue. While the
current Schaeffler carts have a tension spring design, I want to pursue with a design based off of
compression springs. My fifth accomplishment is that I have found a website to assist me with
spring calculations such as solid height and maximum allowable travel.
By the next progress report, I plan to have all of my models and drawings on SolidWorks
completed. In addition, I plan to have a rough draft produced and sent out to my Honors readers
and sponsor, since I am doing this as part of the Honors college. Lastly, I plan to have my spring
design finalized, so I can put them into the cart assembly.
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Professor Lukach
Mechanical Projects
6 April 2020
Progress Report 3 (Leveling-Position Platform Cart)
Assembly Drawing
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Detail Drawings
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Calculation Analysis
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In terms of progress, I have gotten 75% of the drawings done and am about 95% of the
way done with the model. I have a majority of my design completed, and I will begin writing the
report here soon.
The two most important steps for me to complete are to finish the SolidWorks modeling
and drawings and to create a rough draft of my written report. Once I have the design fully
conceptualized as a finished SolidWorks model, I can use the pictures in my final written report,
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and I can then use them in my virtual oral presentation and MET showcase. I also need to create
a rough draft for the written report because I am in the Honors Research Project course and will
need to get feedback for it.

